The relationship between presence and cognitive factors such as absorption, creative imagination, empathy, and willingness to experience presence was investigated. Presence was defined, operationalized, and measured using a questionnaire that we devised. Absorption and creative imagination were measured using questionnaires developed in the area of hypnosis, and empathy was assessed through an interpersonal reactivity index. Results indicated significant correlations between presence and each cognitive factor. They showed that persons who are highly fantasy prone, more empathic, more absorbed, more creative, or more willing to be transported to the virtual world experienced a greater sense of presence. Regression analysis led to a presence equation, which could be used to predict presence based on the investigated cognitive factors. Findings are congruent with user characteristics presented by the presence literature and support the position that individual differences are important for the study of presence.
Introduction
Psychological approaches to the study of presence are rare, and those with experimental support are even more limited. This work is an extension of a previous study (Sas & O'Hare, 2001) , which attempts to highlight the human factors that may lead to a better understanding of individual differences in relation to the experience of presence. In accomplishing this, the study was structured in the light of the following objectives: defining and operationalizing presence, identifying a set of cognitive factors determinant for presence, and identifying a presence equation that describes a relationship that holds between these factors.
Defining Presence
Even though the idea of telepresence was anticipated by Robert Heinlein (1950) in his novel Waldo, the term was coined by Marvin Minsky (1980) and denotes a sense of being physically present at a remote world that is mediated by the system interface. In a widely accepted assertion, Sheridan (1992) and Schloerb and Sheridan (1995) described presence as a sense of being physically present at the remote site. As Loomis (1992) pointed out, presence is a basic state of consciousness, consisting of the attribution of sensation to some distal stimuli, or more broadly to some environment. Underlying the failure of mediation awareness, Lombard and Ditton (1997) conceptually delimited presence as "the perceptual illusion of non-mediation." described presence as "suspension of disbelief " experienced by users while being in a remote world and not in the physical one.
Building upon the aforementioned presence definitions, we were interested in identifying, according with traditional definition theory, their genus and differentia. Thus, the concepts used for delineating the genus were state of consciousness (Loomis, 1992) , psychological state (Lombard, 2002) , subjective experience (Heeter, 1992) , subjective perception (Lombard, 2002) , sense (Minsky, 1980; Sheridan, 1992) , and illusion (Lombard & Ditton, 1997) .
Considering presence merely as a sense is, in our opinion, unnecessarily restrictive. At the same time, however, the state of consciousness enlarges the boundaries of genus more than necessary because everything that occurs in the internal world, the subjective world of inner thoughts (Jung, 1971) , represents states of consciousness. Although we have identified quite a large array of terms delineating genus, the distinguishing features, which are supposed to differentiate sense of presence from other psychological phenomena, were more pronounced. The unanimously accepted construct of "being there" is the core aspect of presence, which occurs within one's consciousness. We consider that in this case we should talk about a shift of focus of consciousness (Lauria, 2000) from the local environment to a remote one, a shift that occurs insidiously.
In seeking a closer juxtaposition to the theoretical framework underlying it, we define presence as follows: presence is a psychological phenomenon through which one's cognitive processes are oriented toward another world, either technologically mediated or imaginary, to such an extent that he or she experiences mentally the state of being (there), similar to one in the physical reality, together with an imperceptible shifting of focus of consciousness to the proximal stimulus located in that other world.
Presence Operationalization
According to Revonsuo (1995) , immersion and sense of presence are fundamental aspects of the highlevel structure of the consciousness experience. Farthing (1992) considered consciousness as "a subjective state of being currently aware of something, either within oneself or outside of oneself" (p. 6). According to him, primary consciousness consists of direct experience and spontaneous response to it, and reflective consciousness focuses on conscious experience per se, which becomes the object of one's thoughts. Kim and Biocca's (1997) findings suggested presence as a two-dimensional construct consisting of "being there" and "not being here." Drawing a parallel with Gerrig's work in understanding the meaning of being transported by a narrative (Gerrig, 1993) , Kim and Biocca associated these dimensions with the arrival in the virtual environment (VE) and the departure from the physical environment, respectively. Both these dimensions facilitate access to the content of primary consciousness. To also address the content of reflective consciousness, we consider it as an additional dimension (such as the awareness of being there).
To measure any construct, one should establish a connection between it and the physical reality. Translating a construct into its manifestation is the process of operationalization (Trochim, 2000) . It consists of identifying the conceptual dimensions, finding within each dimension the associated measurable variables, and choosing for each variable its actual measures in terms of indicators.
The variables related to the content of primary consciousness should cover the main psychological processes involved in acquiring experience, such as perception, memory, imagination, cognition, attention, emotion, and action. Based on these observations, we identified the presence variables associated with each dimension, as summarized in Table 1 . 
Determinants of Presence
The determinant factors affecting presence can be grouped into technological factors that consider the system and its characteristics, and human factors referring to users' cognitive and personality aspects (Lombard & Ditton, 1997; Lessiter, Keogh, & Davidoff, 2000) .
Technological Factors
A large amount of work has been conducted in the area of technological factors affecting presence. Lombard and Ditton (1997) provided a detailed presentation in this direction. Some of these factors are summarized here: visual display characteristics such as image quality, image size, viewing distance, visual angle, motion, color, dimensionality, camera techniques; aural presentation characteristics like frequency range, dynamic range, signal-to-noise ratio, high-quality audio, and dimensionality such as 3D sound. As stimuli for other senses, Lombard and Ditton (1997) referred to olfactory output, body movement, tactile stimuli, and force feedback.
Media user's characteristics were often mentioned as carrying a particular affect upon the level of sense of presence experienced. However, little empirical research supports this. Psotka and Davison (1993) considered two categories of factors determinant of immersion, such as susceptibility to immersion and quality of immersion. The first set refers to human factors with an emphasis on cognitive aspects such as imagination, vivid imagery, concentration, attention, and self-control, and the second set is primarily concerned with technological factors like affordances of virtual reality (VR), distractions from the real world, or physiological effects.
Human Factors
As Kaber, Draper, and Usher (2002) pointed out, the personality traits discussed in the VR literature seem to be predominantly mentioned in the context of presence experienced within the VE. These factors were primarily referred to as immersive tendencies and attention. They cover an entire set of users' characteristics such as suggestibility of immersion, tendency to daydream, becoming lost in novels, concentration, and robustness to distracting events. As we will see in the following subsections, empathy, absorption, and creative imagination specifically target these factors.
Empathy.
Empathy is probably the most frequently mentioned cognitive aspect that might affect presence (Lombard, 2002) . Lombard and Ditton (1997) suggested that intensity and polarity of emotions experienced by users during mediated activities could impact significantly on presence, even though no empirical study had yet suggested it. Davis (1994) identified empathy with a set of constructs associated with the responses of one individual to the experience of another. It involves the ability to engage in the cognitive process of adopting another's psychological point of view, together with the capacity to experience affective reactions to the observed experience of others. To develop such capacities and exhibit empathic behavior, one should be able to assume perceptual, cognitive, and affective roles.
Among the empathy constructs identified by Davis (1994) , we give the fantasy subscale the greatest attention because it resembles a prerequisite for experiencing presence: the ability to imaginatively transpose oneself into fictional situations. The fantasy subscale is a cognitive factor that involves imagination for experiencing feelings, thoughts, or actions of characters in creative works.
A theoretical perspective in the psychology of hypnosis could support the study of presence. To date, we have identified only the work of Tromp (1995) in which the hypnosis results were also theoretically exploited in investigating presence.
Hypnosis is a state of consciousness characterized by increased suggestibility, enhanced imagery, disinclination to plan, and reduction in reality testing (Hilgard, 1979 ). An important fact about hypnosis is related to the individual differences in response to suggestion. Absorption and creative imagination are the most important personality correlate of hypnotizability (Hilgard, 1979) . The following two subsections introduce these two constructs. Lombard and Ditton (1997) suggested absorption as another possible factor that influences presence. They mentioned Quarrick (1989) , who indicated that, during absorption, sense of self and time fade as the person merges with a fascinating stimulus.
Absorption.
The absorption construct elaborated by Tellegen (1981) is defined as a state of "openness to experiencing, in the sense of readiness to undergo whatever experiential events, sensory or imaginal, that may occur, with a tendency to dwell on, rather than go beyond, the experiences themselves and the objects they represent" (p. 222). Absorption involves both cognitive aspects and motivational-affective components (Tellegen & Atkinson, 1974) .
Attention described in absorption terms "is a total attention," which involves an entire range of cognitive resources for a unified representation of the attentional object (Tellegen & Atkinson, 1974) . Absorption construct involves a heightened sense of reality of the attentional object, in terms that the object, either perceived or imagined, grasped in one's attentional focus is experienced as present and real. The authors assumed that an already engaged representational system of the focal object is incompatible with any other reflective consciousness about this primary consciousness content. This could explain the suspension of disbelief such as "this is only in my mind."
Absorption involves also an altered sense of reality in general and of self in particular. Absorbed attention focuses on some facets of reality, emphasizing to a greater extent the experience regarding them and limiting the awareness of other facets. Once an object becomes the focal object, it completely holds the attentional resources, such that it is perceived entirely, in all its details, while the individual becomes less distracted by the collateral external events (Tellegen & Atkinson, 1974) .
Creative Imagination.
Imagination, the ability to generate mental representations of objects, persons, or events not immediately presented to the senses (Singer, 2000) , was also considered to have an effect upon presence (Heeter, 1992; Lauria, 1997) . Imaginativeness as a personality trait (Hilgard, 1979) was studied in relation to openness to experience, due to its association with daydreaming tendencies (Singer, 2000) .
This theoretical framework shows that the parallel drawn between hypnosis findings and presence is justified. Each of the aspects characterizing absorption and creative imagination, especially the attention and emotion, can also be considered as being determinant for presence. Almost all presence theories refer to attention as a significant issue underlying presence. Witmer and Singer (1998) suggested that focusing one's attention on a meaningful stimulus set supports one's sense of presence. Emphasizing the role of attention, Draper, Kaber, & Usher (1998) proposed an integrative approach to telepresence, featuring a structured attentional resource model. Kim and Biocca (1997) stressed the role of attention in each of physical, mediated (VE) or imaginal space (space of daydreams and dreams), where the user could experience presence.
Willingness to Experience Presence.
Among the other individual differences that might influence presence, we considered in addition the willingness to experience presence or openness toward being "transported there," within the remote world. This factor is characterized by both cognitive and emotional components, and its role can be better understood if one looks at it as a prerequisite for willingness to suspend disbelief. Willingness to suspend disbelief that the determinants of users' experience are not real was often mentioned in relation to sense of presence. It seems to be a necessary condition for experiencing a high level of sense of presence (Laurel, 1993; and ultimately enjoying a mediated experience of any kind (such as theater, literature, television, film, VR).
Lombard and Ditton (1997) considered willingness to suspend disbelief as a variable likely to induce presence, through weakening the awareness of mediated experience. Users able to stop considering the mediated world as a fake and more willing to accept it as real would feel a heightened sense of presence. Central to this concept is engagement, which Laurel (1993) de-scribed as a primarily emotional state with cognitive components.
Study Hypotheses
At this point, the distinction between trait and state (Allport, 1966) could help in understanding the dynamic relationship between the previously introduced cognitive factors and the sense of presence.
The trait-state distinction arises from a long-standing debate in psychology. Allport (1966) defined traits as neuropsychic structures that lead people to behave in a consistent way over time and space. They represent consistent patterns in the way one behaves, feels, and thinks, which emerge through learning and are specific for individuals. On the other hand, states represent transient psychological conditions or dispositions that are dependent on the situation, manifesting themselves "here and now."
In this context, empathy, absorption, and creative imagination are enduring qualities, and therefore they are traits. A person who can be described as presenting these traits is expected to manifest such in different situations over time, including our study. On the other hand, experiencing sense of presence is, by its inner nature, a versatile and situational dependent process. In this case, the user's sense of presence is a state, which is triggered by the experience within the virtual world.
Having reflected upon what factors could play an important role in rendering presence, we formulated the following hypotheses. The first hypothesis (H1) states that the more empathic the user is, the greater the sense of presence he/she will be able to feel. Directly related to it, the second hypothesis (H2) states that, among empathy subscales, the fantasy subscale will be the most influential upon presence. The third hypothesis (H3) is related to absorption, in terms that the more absorbed the subjects are, the more heightened sense of presence they would experience. The fourth hypothesis (H4) states that the more creative imagination an individual can exhibit, the more sense of presence he/she will be able to experience. The last hypothesis (H5) states that the more willing to experience presence one is, the greater chances that he/she would actually experience it. Testing these hypotheses necessitated designing the study and selecting scales for the measurement of each of the previously mentioned factors.
The following section presents the sample details, the experimental testbed, the study procedure, and the chosen instruments for measuring absorption, creative imagination, and empathy.
Method

Participants
The sample consisted of 32 undergraduate and graduate students from the Department of Computer Science in University College Dublin, 19 men and 13 women, within the age range 20 -38. Volunteers were paid for their participation.
Apparatus
The VR system was provided by the ECHOES 1 system (O'Hare, Sewell, Murphy, & Delahunty, 2000) a nonimmersive training environment, which addresses the maintenance of complex industrial artifacts.
Adopting a physical world metaphor, the ECHOES environment comprises a virtual multistory building, each one of the levels containing several rooms: conference room, training room (Figure 1 ), library (Figure 2) , lobby, and so on.
Users can navigate in terms of moving forward, backward, or rotating, through the use of directional keys. They merely use the mouse for selecting a new floor on the panel located in the virtual lift (Figure 3 and 4) .
A distinction should be made between nonimmersive and immersive VEs. Whereas immersive VEs involve the restriction of users' senses in terms of their reference to the real world, the nonimmersive VEs, or desktop VEs, do not restrict users' senses in any way (Fernie & Richards, 2002 Within immersive VEs, most of the users become immersed despite the intragroup variability based on cognitive factors. We conjecture that, in this case, presence is experienced because of the advanced technological aspects featured by these fully immersive systems. These technical issues are so impressive that they simply prevail over the cognitive determinants of presence.
On the other hand, within nonimmersive VEs whose technological infrastructure is less advanced, the user's experience of presence is mainly due, not to system characteristics, but rather to the associated human factors. Because we are primarily interested in the effect of cognitive factors upon presence, we selected ECHOES, a desktop VE, as the experimental testbed for our study.
Procedure
After users gained familiarity with the environment and in particular learned movement control, they were asked to perform an exploration task. The exploration task within the virtual building lasts for approximately 20 min.
To induce motivation for an active exploration and moreover to increase the likelihood of experiencing presence, a sense of drama was suggested (Laurel, 1993) . The instruction was as such: "Imagine that you are following a thief who managed to steal a very valuable painting. He is now hiding inside a multistory building, where people are not working yet. Your task is to find the painting and catch the thief. You have only 20 min. for this action."
A color reproduction of the painting accompanied this instruction, together with the following text: "This is the last image of the painting on the museum wall."
This scenario involved user's direct participation, and a few of the basic components of Laurel's model: dramatic storytelling, enactment, and limited duration of the action (Laurel, 1993) .
The participants filled in all the questionnaires after the task completion, thus limiting the social threat to the sense of presence construct validity (Trochim, 2000) . Accordingly, this helped reduce the risk of contaminating the users' experience within the virtual world, by not allowing them to guess the study hypotheses.
Measures
Before introducing the measurement instruments, a distinction should be made between independent variables (IVs) and dependent variables (DVs). The IV is the variable directly manipulated by the experimenter because of the assumption that it is the one that causes a change on the DV. In this study, the IVs are the cognitive factors, such as empathy, absorption, creative imagination, and willingness to experience presence. The DV measures participants' behavior or response, in our case the sense of presence.
Measuring Dependent Variable
4.1.1 Presence Questionnaire. To measure sense of presence, we devised a presence questionnaire. It is grounded on the presence operationalization previously described and comprises items typical for measuring presence (Lombard, 2002) . 
Item Analysis.
The presence questionnaire contained 34 items measured on a seven-point Likert scale, ranging from 1 (not at all) to 7 (completely). The presence score was computed as the averaged score of items composing the questionnaire, with the minimum value of 1.74, the maximum value of 5.17, and the mean of 3.38.
Item total-correlation analysis allowed us to identify the variables that are not internally consistent with the questionnaire. Using the criterion of 0.33 for the loading factor as a reasonable cutoff point (Child, 1970) , twelve items were deleted. Table 2 presents the mean, median, and standard deviation of scores along presence dimensions and variables, together with the actual items. Where more items tapped the same variable, their scores were averaged. The reversed items have been marked with (R).
Validity and Reliability.
Despite their inherent limitations, subjective measures of presence appear to be both reliable and valid (Prothero, Hoffman, Parker, Wells, & Furness, 1995) . Slater, Steed, and Usoh (1993) devised a presence questionnaire (SUS) that requires subjects to rate their sense of "being there" in the VE, the extent to which the VE became their dominant reality, and the extent to which the VE became a place, rather than just images. This questionnaire has been tested and extended in several studies (Slater & Steed, 2000) .
The positive statistically significant correlationr(30) ϭ .84, p Ͻ 0.01-found between the presence score obtained through our questionnaire with the presence measured by SUS suggests the convergent validity of our instrument. The Cronbach's alpha coefficient, measuring the internal consistency of items comprising the presence questionnaire, is ␣ ϭ 0.92, suggesting its reliability.
Measuring Independent Variables
The IVs were measured through a psychological test battery, consisting of Interpersonal Reactivity Index (IRI), Tellegen Absorption Scale (TAS), and Creative Imagination Scale (CIS). Willingness to Experience Presence (WEP) was measured through the following question, administrated after task completion: "To what extent were you willing to be transported to the virtual world." 4.2.1 Interpersonal Reactivity Index. Davis (1994) devised a questionnaire measuring the extent to which an individual can understand someone else's thoughts, feelings, and perspectives. Interpersonal Reactivity Index (IRI) contains four seven-item subscales, each measuring a separate facet of empathy. The items are assessed on a five-point Likert scale, ranging from 0 (does not describe me well) to 4 (describes me well).
Fantasy subscale (FS) measures the tendency to imaginatively transpose oneself into fictional situations. The Perspective Taking subscale (PT) measures the reported tendency to spontaneously adopt the others' psychological point of view in everyday life. Empathic Concern (EC) assesses the tendency to experience feelings of sympathy and compassion for others, and Personal Dis- tress (PD) accesses the tendency to experience anxiety and discomfort from observing others' extreme distress. We were particularly interested in identifying the correlation between FS and presence because the ability to imaginatively transpose oneself into fictional situations could be a prerequisite for transposing oneself into a virtual world.
Findings had suggested that the scale is both valid and reliable, with Cronbach's coefficients for each of the subscale ranging between 0.70 to 0.78. (Davis, 1980 (Davis, , 1983 Atkins & Steitz, 2002) .
Tellegen Absorption Scale. The Tellegen
Absorption Scale (TAS) is part of the Multidimensional Personality Questionnaire (MPQ) which comprises eleven subscales (Tellegen, 1982) .
Based upon Hilgard's findings (1979) , Tellegen (1982) and Tellegen and Atkinson (1974) developed the TAS to measure the extent to which people become involved in everyday events, or the tendency to totally immerse oneself with attentional objects.
It contains 34 true/false questions, where each answer of true scores 1 and the others score 0. The overall score is the sum of the item scores, being within the range 0 -34. The higher the score, the more absorbed the individual. Previous findings indicate the validity of MPQ, and the internal consistency reliabilities (Cronbach's alpha) range from 0.76 to 0.89. (Krueger, Caspi, Moffitt, Silva, & McGee, 1996; Dana, 2000) . Barber and Wilson (1979) devised the Creative Imagination Scale (CIS) and showed its correlations with hypnotizability and other measures of imagination and creativity. Creative imagination also correlates with absorption (Crawford, 1982) . The scale measures the ability to imagine suggested scenes and situations (setting of the sun, or the smell of ripe oranges).
Creative Imagination Scale.
It involves ten tests in which the subject is invited to imagine a number of things. By asking the participants to rate the similarity between imagined events and corresponding real events, the scale provides a measure of the vividness of imagination. The higher the score, the better the creative imagery ability is. Study results suggest validity and reliability of this scale (Cronbach's coefficient ϭ 0.83) (Barber & Wilson, 1979) .
Results
Presence and Cognitive Factors: Correlational Approach
Pearson's correlations were run between presence scores, and scores of each of the previously men- To what extent did you feel the virtual world as surrounding you? tioned cognitive factors. As shown in the first column of Table 3 , with alpha set at .05, all the correlation coefficients were statistically significant, indicating positive relationships between presence and the considered variables. These findings come to validate the hypotheses stating that the more empathy (H1), absorption (H3), creative imagination (H4), and willingness to experience presence (H5) characterize an individual, the more heightened sense of presence he/she would experience.
A detailed analysis revealed that among the four dimensions captured by the empathy subscales, fantasy subscale has the strongest effect upon presence (Table  4) . This result validates hypothesis H2.
Strong positive correlations (third column of Table 3  and Table 4 ) were also found between each of these factors and presence as measured by the presence questionnaire devised by Slater and Steed (2000) .
Presence and Cognitive Factors: Quasi-Experimental Approach
Because most of the IVs (absorption, creative imagination, empathy) are personality traits, which cannot be manipulated, participants are assigned to a particular condition because they already qualify for that condition, for example, more absorbed or more imaginative. Because there is no true manipulation of the IVs (except a statistical one), they are actually quasi-independent variables.
To test the effect of the IVs upon presence, we ran t-tests, comparing the level of sense of presence experienced by groups of users, identified on the basis of their scores for cognitive factors. Thus, we considered two independent groups for each factor, with the cutting-off point at the 50th percentile. This led to significant differences between groups formed on the basis of scores for creative imagination, willingness to experience presence, empathy, and absorption. (Group 1 is above the cutting point, but Group 2 is below it.)
With respect to the fantasy subscale, the cutoff point had to be moved to the 70th percentile to reveal a statistically significant difference between levels of sense of presence experienced by the two groups.
As shown in Table 5 , the differences were significant at the .05 level and showed that persons who are highly fantasy prone, more absorbed, more imaginative, more empathic, or more willing to be transported to the virtual world do experience a greater level of sense of presence.
We also found that participants who are more willing to be transported in the virtual world (scoring above the median ϭ 4) are significantly more absorbed (t (30) world correlates significantly only with the empathy score (r(30) ϭ .39, p Ͻ .05).
Multiple Regression Analysis
Because the correlations between the considered cognitive factors and sense of presence are positive and statistically significant, the next step would be to use these IVs to predict user's sense of presence.
Multiple regression analysis, a method that can be used to study the effects of several independent variables on one dependent variable, is employed to evaluate the overall influence of previously discussed cognitive factors on sense of presence (Table 6) .
Because of the high correlation between creative imagination and absorption (r(30) ϭ .56, p Ͻ .001), these two dimensions cannot be seen as independent predictors in the regression equation. As we have seen already, creative imagination and absorption are overlapping concepts, a fact indicated by their theoretical foundations and experimental studies carried out in the area of hypnosis (Crawford, 1982) . Thus, we computed a composite predictor variable as an average of these two factors. Because there are no theoretical grounds for deciding the order in which the IVs should be introduced, the multiple regression was forced, with all variables entered in one step.
Results indicate that two of these factors significantly predict the user's sense of presence, with willingness to experience presence making the largest individual contribution.
The other significant contribution is made by creative imagination and absorption factor. The sample multiple correlation coefficient, namely the correlation between the actual sense of presence and the predicted sense of presence, was r(30) ϭ .71, p Ͻ .001. Approximately 45% of the variance of the sense of presence in the sample can be accounted for by willingness to experience presence and the creative imagination and absorption (adjusted R 2 ϭ 0.45). (3, 28) 9.01** *p Ͻ .05. **p Ͻ .01.
Discussion
An analysis of the presence literature (Lombard & Ditton, 1997; Lombard, 2002; Heeter, 1992; Lauria, 1997; , accompanied by an insightful approach of hypnosis psychology (Tellegen & Atkinson, 1974; Barber & Wilson, 1979; Hilgard, 1979) led us to identify the key factors of absorption, creative imagination, empathy, and willingness to experience presence.
Results indicate that these factors play distinctive roles in the experience of presence. Significant positive correlations have been found between each of these factors and presence, indicating that the more willing to experience presence, the more empathic, the more fantasy prone, the more absorbed, or the more imaginative the users are, the greater the sense of presence they will experience.
Looking beyond the singular relationships between presence and each of its cognitive factors, we formulated the presence equation as an initial attempt to predict presence based on these factors. The multiple linear regression equation 1 presents each variable measured with Z score.
Presence ϭ ͑0.37͒ ⅐ Willingness to experience presence ϩ ͑0.29͒ ⅐ Creative Imagination and Absorption (1) An interesting aspect is that together these factors cover almost half of the variance in the sense of presence. This is an important result that should nourish presence research and specifically empirical investigations of the role of individual differences upon presence.
Even though we did not discover any statistically significant correlations between willingness to experience presence and the other IVs, excepting empathy, we found statistically significant difference with respect to these IVs between the two groups of users identified on the basis of their willingness to experience presence. Thus, participants more willing to be transported in the virtual world are significantly more absorbed, more empathic, and more imaginative. We don't know if individuals feel more presence because they are more willing to, or they are more willing because of their particular configuration of cognitive factors determinant for experiencing presence. Results show that participants more willing to experience presence are better equipped in terms of cognitive factors, but the variance in presence explained by them is not so high.
Willingness to experience presence and willingness to suspend disbelief are overlapping concepts, and further work should be conducted to define and understand them. The efforts invested in devising suitable tools for measuring these constructs will be justified given their potential effect on presence. The independent role of willingness to experience presence and its possible determinants will be examined in a future study.
Another question that presents itself is whether willingness to experience presence is a state or a trait. Further studies should be conducted to investigate this aspect. However, the attitude or mood of approaching the VR experience seems to carry a specific impact. It is more likely that the cognitive factors investigated are latent, and it is the desire to feel presence that acts as a catalyst for them. Thus, even if the willingness to experience presence might be heightened by such innate cognitive factors, it is nevertheless the most addressable factor. It is a challenge for VEs designers to create and nourish this desire to increase the level of presence and possibly enhance users' performance. The special preparation of users before they actually experience the VR could increase the willingness to feel presence. For instance, employing a sense of drama (Laurel, 1993) , a little story sufficient to trigger imagination, could increase motivation and capture users' complete attention.
The role of empathy and in particular of fantasy subscale in experiencing presence has been suggested by the correlational approach. However, one should be highly fantasy prone to experience a significantly higher level of sense of presence. This finding could explain the limited contribution of fantasy subscale, which does not appear to be significant in predicting presence. The prediction model offers a hierarchy of the cognitive factors with respect to their effect on presence, where the role of fantasy subscale is the most limited. The lack of significance does not imply that this concept is not important in predicting presence and further studies should be conducted to clarify its contribution.
Conclusions
Our findings indicate that at the heart of presence lie the concepts of emotion, attention, and imagination. The more cognitive resources deployed, the more presence the user feels. The experience within the remote world is a complete one, encompassing cognitive, emotional, and behavioral aspects. In other words, the more the users think, feel, and act in the remote world and the more collateral activities are inhibited within the physical world, the greater the sense of presence they will experience.
The results enable us to describe a presence equation, employing a deeper and more thorough approach to the psychology of presence. They also show that the effect of these factors is sufficient to motivate a closer examination by both the presence research community and VE designers.
Ultimately, the role of studying individual differences comes under the remit of user-centered design. Once we understand the individual differences in terms of users' abilities to capture, process, and make use of VR systems, the next step would be to design these systems to accommodate these differences (Kaber et al., 2002) .
Given the potential relationship between presence and task performance, identifying appropriate VR design methods to optimize presence is crucial. Effectiveness of these designs could be increased by users' segmentation along the dimensions that derive the greatest effect upon presence and performance. To what extent these cognitive factors are addressable remains an open question.
The equation is far from being complete, and further research is required to improve its power of prediction. Apart from the cognitive factors we investigated, others could be of interest, such as cognitive style. A promising future direction that could also enrich our understanding of the debatable relationship presence-task performance-is concerned with the effect of a particular set of skills on both presence and task performance. For instance, given the specific nature of our tasks, one can consider the role played by the spatial skills. Therefore, we conjecture that the cognitive factors impacting upon presence could be divided into two groups:
• general cognitive factors, such as those that constituted the core of this study, which ensure a greater sense of presence independent of the VE or task characteristics; and
• specific cognitive factors, which are task and environment dependent.
In addition to the cognitive factors, the effect of technological factors is the other major element of the prediction. (See subsection 2.1.). In time, the third element to be incorporated into the equation for a better prediction of presence is that of media content (Lombard & Ditton, 1997; Kim & Biocca, 1997) , which refers to the overall narrative depicted via a display system (Lessiter & Freeman, 2001 ). As our discussion has outlined, willingness to experience presence is a determinant cognitive factor that could be enhanced by the media content.
To conclude, the previously identified equation should be viewed as a simplified form of the general presence equation:
Presence ϭ ␣ ⅐ (General cognitive factors) ϩ ␤ ⅐ (Task specific cognitive factors) (2) ϩ ␥ ⅐ ͑Technological factors͒ ϩ ␦ ⅐ ͑Media content͒ The research for refining the presence equation should go hand in hand with the specific goals of the task. For some applications, presence could be considered a benefit, such as in the entertainment industry, whereas for other types it might impede the performance. Therefore, the equation can help designers to tune the VEs to match users' profiles and the specific goals of the task.
This research constitutes a case study for which the results are merely preliminary. Study limitations consist of the nonrandom sampling procedure for selecting participants and a relatively limited sample size, a fact that inhibits the power of generalizing the results to other similar contexts. Future work should be conducted to replicate these findings. In addition, be-cause the tasks undertaken within the virtual world were solitary individual tasks, future work will further consider and examine collaborative tasks offering insights into the effect of cognitive factors upon social presence.
